Searching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2003-308866 
(43)Date of publication of application : 31.10.2003 



(51)lnt.CI. 



H01M 8/04 



(21) Application number : 2002-113564 

(22) Date of filing : 1 6.04.2002 



(71) Applicant: NISSAN MOTOR CO LTD 

(72) lnventor : SAKAI MASANOBU 

UEHARA TETSUYA 
TORN SHUJI 



(54) GAS LEAKAGE DETECTING METHOD AND DEVICE FOR FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive detecting 
device for detecting the leakage of fuel gas from a fuel gas circulating 
supply system during operating a vehicular fuel cell system. 
SOLUTION: When a value for an output current i in a fuel cell is smaller 
than a threshold during regenerating decelerating energy (S1), the 
output current i is shut off by an output current circuit breaker to stop 
the generation of a fuel cell (S4) and, in turn, a purge valve for 
discharging water together with the fuel gas from a circulation system 
and a pressure reducing control valve for controlling the supply of the 
fuel gas from a fuel supply source are forcibly closed (S2, S3). At this 
point pressure in a closed space of the fuel gas circulating supply 
system is detected by a pressure gage, and when the detection result 
of the pressure gage shows pressure drop at a reference speed or 
faster, the leakage of the fuel gas is determined (S5-S7). 
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CLAIMS 



[Claim(s)] 

[Claim 1] The gas leakage detection approach of the fuel cell system characterized by detecting the fuel gas leakage in said closed 
space based on the pressure condition in the closed space of the fuel gas circulation supply system which intercepts the output current 
of said fuel cell and contains said fuel cell at this time when the electric load of a fuel cell is smaller than a threshold. 
[Claim 2] The gas leakage detection approach of the fuel cell system according to claim 1 characterized by intercepting compulsorily 
the supply of the fuel gas from a fuel source to said closed space, and detecting fuel gas leakage based on the pressure drawdown rate 
in this closed space. 

[Claim 3] The gas leakage detection approach of the fuel cell system according to claim 1 characterized by detecting fuel gas leakage 
based on the pressure loss section order differential pressure in said closed space. 

[Claim 4] In the fuel cell system constituted including a fuel cell, a fuel source, and a fuel gas circulation supply system An output 
current cutoff means to intercept the output current of said fuel cell, and a pressure condition detection means to detect the pressure 
condition in the closed space of the fuel gas circulation supply system containing said fuel cell, When the electric load of a fuel cell 
was smaller than the threshold and it is distinguished with an electric load distinction means by which the electric load of said fuel cell 
distinguishes a condition smaller than a threshold, and this electric load distinction means When cutoff of the output current is 
performed by the cutoff control means which intercepts the output current of a fuel cell with said output current cutoff means, and this 
cutoff control means Gas leakage detection equipment of the fuel cell system characterized by being constituted including a fuel gas 
leakage decision means to judge the existence of fuel gas leakage from said closed space, based on the pressure condition detected 
with said pressure condition detection means. 

[Claim 5] In the fuel cell system constituted including a fuel cell, a fuel source, and a fuel gas circulation supply system An output 
current cutoff means to intercept the output current of said fuel cell, and a source-of-supply cutoff means to intercept compulsorily 
supply of the fuel gas from the fuel source to said fuel gas circulation supply system, A pressure detection means to detect the pressure 
in the closed space of the fuel gas circulation supply system containing said fuel cell, When the electric load of a fuel cell was smaller 
than the threshold and it is distinguished with an electric load distinction means by which the electric load of said fuel cell 
distinguishes a condition smaller than a threshold, and this electric load distinction means While intercepting the output current of a 
fuel cell with said output current cutoff means When cutoff of the output current and supply of the fuel gas from said fuel source are 
compulsorily intercepted by the cutoff control means which makes supply of the fuel gas from a fuel source intercept compulsorily 
with said source-of-supply cutoff means, and this cutoff control means Gas leakage detection equipment of the fuel cell system 
characterized by being constituted including a fuel gas leakage decision means to judge the existence of fuel gas leakage from said 
closed space, based on the fall velocity of the pressure detected with said pressure detection means. 

[Claim 6] The gas-leakage detection equipment of the fuel cell system according to claim 5 by which it constitutes so that said 
pressure detection means may detect the pressure of each of two or more of said closed space, and said fuel-gas leakage decision 
means is characterized by to judge the existence of fuel-gas leakage, and the generating part of fuel-gas leakage based on the pressure 
drawdown rate for two or more of said closed space of every while having a closed-space division means intercept the closed space of 
the fuel-gas circulation supply system containing said fuel cell to two or more closed space. 

[Claim 7] Gas leakage detection equipment of the fuel cell system according to claim 5 by which said pressure detection means detects 
the pressure between the pressure loss sections in said closed space to each by two or more places, and said fuel gas leakage decision 
means is characterized by judging the existence of fuel gas leakage, and the generating part of fuel gas leakage based on the pressure 
drawdown rate which can be set at least to each detecting element. 

[Claim 8] Gas leakage detection equipment of the fuel cell system according to claim 7 characterized by judging generating of the fuel 
gas leakage by about the detecting element which showed the biggest fall velocity when the biggest pressure drawdown rate of the 
pressure drawdown rates which said fuel gas leakage decision means can set at least to said each detecting element is larger than a 
threshold. 

[Claim 9] In the fuel cell system constituted including a fuel cell, a fuel source, and a fuel gas circulation supply system A differential 
pressure detection means to detect the at least one pressure loss section order differential pressure in the closed space of an output 
current cutoff means to intercept the output current of said fuel cell, and the fuel gas circulation supply system containing said fuel 
cell, When the electric load of a fuel cell was smaller than the threshold and it is distinguished with an electric load distinction means 
by which the electric load of said fuel cell distinguishes a condition smaller than a threshold, and this electric load distinction means 
When cutoff of the output current is performed by the cutoff control means which intercepts the output current of a fuel cell with said 
output current cutoff means, and this cutoff control means Gas leakage detection equipment of the fuel cell system characterized by 
being constituted including a fuel gas leakage decision means to judge the existence of fuel gas leakage from said closed space, based 
on the differential pressure detected with said differential pressure detection means. 

[Claim 10] Gas-leakage detection equipment of the fuel cell system according to claim 9 characterized by to judge the generating part 
of fuel-gas leakage based on the direction of the differential pressure in each adjoining detecting element while said differential 
pressure detection means detects to each two or more pressure loss sections order differential pressure which can be set in said closed 
space, and it judges generating of fuel gas leakage, when said order differential pressure of said fuel gas leakage decision means is 
larger than a threshold. 

[Claim 1 1] The gas-leakage detection equipment of the fuel cell system of any one publication of claim 4-10 characterized by to 
establish a purge cutoff means intercept the purge by said purge means compulsorily, and make said closed space form when said fuel 
cell system is constituted including a purge means control the purge from the circulatory system of a fuel-gas circulation supply 
system and the fuel-gas leakage by said fuel-gas leakage decision means is made to judge. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which detect the leakage of fuel gas inside a fuel cell 

system in detail about the gas leakage detection approach and equipment of a fuel cell system. 

[0002] 

[Description of the Prior Art] Conventionally, in a fuel cell system, there was an approach indicated by JP, 1 1-22468 1 ,A and JP,8- 
3 29965, A as an approach of detecting the leakage of hydrogen content fuel gas. The approach indicated by said JP,1 1 -22468 1,A 
judges leakage of fuel gas by computing the amount of the fuel gas used in a fuel cell, computing the fuel gas pressure in a fuel 
chemical cylinder from this amount of the fuel gas used based on the output current value of a fuel cell, and comparing this calculation 
pressure with the pressure value actually detected by the pressure sensor. 

[0003] Moreover, the approach indicated by JP,8-329965,A prepares a valve in the upper section and the downstream of a fuel cell 
respectively, encloses fuel gas by closing said valve before a generating mode, detects the pressure variation with a pressure detection 
means, and he is trying to detect leakage of fuel gas based on the fall of charged pressure. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the approach indicated by JP,1 1-224681, A, there was a problem that 
consumption of the fuel gas by purge control might be incorrect-detected as leakage. If it becomes so that the steam contained in the 
humidification hydrogen content fuel gas supplied to a fuel cell serves as water around a fuel electrode and water is [ system / fuel 
cell ] full of a discharge path, the flooding phenomenon of resulting in the loss of power of a fuel cell will arise. 
[0005] When fullness of water is judged as a cure of the above-mentioned flooding phenomenon based on the loss of power of a fuel 
cell, he is trying to make water purge using fuel gas. Here, since the fuel gas used for the purge hardly contributes to the output of a 
fuel cell, when the fuel gas used for the purge will be computed as a part for leakage and you are going to make it detect leakage with 
high precision, the problem that generating of leakage is incorrect-detected at the time of purge activation will arise. 
[0006] Moreover, although the approach indicated by JP,8-329965,A is the cheap detection approach since it can judge the existence 
of fuel gas leakage under supervising the value of a pressure gage, since it was an approach of detecting leakage before starting, 
leakage generating after a start up had the fault of not being detected until it starts again. There is much possibility that leakage, such 
as carrying out heat deformation greatly in response to the fact that a mechanical vibration and the mechanical input of an impact 
which are produced with transit, and a still more nearly thermal change, will arise in the fuel cell system for cars especially during 
transit overwhelmingly. 

[0007] Therefore, by the leakage detection approach that it is detectable that it is only before starting like the conventional example, 
the problem that required detectability ability is not securable to the fuel cell system for cars will arise. This invention is made in view 
of the above-mentioned trouble, the leakage of fuel gas can be detected also in operation, and it is in ** offering the cheap gas leakage 
detection approach and the equipment of a fuel cell system. 
[0008] 

[Means for Solving the Problem] Therefore, with the detection approach and equipment concerning invention of claim 1 and four 
publications, when the electric load of a fuel cell was smaller than a threshold, the output current of a fuel cell was intercepted, and 
based on the pressure condition in the closed space of the fuel gas circulation supply system containing the fuel cell at this time, it 
considered as the configuration which detects the fuel gas leakage in said closed space. 

[0009] According to the above-mentioned configuration, the electric load of a fuel cell is smaller than a threshold, and if it will be in 
the condition that a generation of electrical energy of a fuel cell can be stopped, a generation of electrical energy of a fuel cell will be 
stopped by intercepting the output current of a fuel cell. If a generation of electrical energy is stopped, it will be in the condition that 
fuel gas is not consumed with a fuel cell, and since the pressure condition in the closed space of the fuel gas circulation supply system 
containing a fuel cell comes to be influenced by only leakage, it will detect the existence of fuel gas leakage from a pressure condition. 

[0010] With the detection approach and equipment concerning invention of claim 2 and five publications, when the electric load of a 
fuel cell was smaller than a threshold, while intercepting the output current of a fuel cell, the supply of the fuel gas from a fuel source 
to said closed space was intercepted compulsorily, and it considered as the configuration which detects fuel gas leakage based on the 
pressure drawdown rate in a closed space at this time. In the closed space where supply of the fuel gas from a fuel source is intercepted 
according to the above-mentioned configuration, if fuel gas flows out outside by leakage, since the pressure in a closed space will 
decline rapidly compared with the time of there being no leakage, generating of leakage will be detected based on whether a pressure 
drawdown rate is large to extent which shows generating of leakage. 

[001 1 ] With the detection approach and equipment concerning invention of claim 3 and nine publications, the pressure loss section 
order differential pressure in said closed space was detected, and it considered as the configuration which detects fuel gas leakage 
based on order [ this ] differential pressure, since according to the above-mentioned configuration the flow of fuel gas will occur in a 
closed space and differential pressure will arise before and after the pressure loss section by this flow, when the leakage from a closed 
space occurs - pressure loss section order differential pressure - being based - the generating flow of fuel gas - detecting - with - 
****-- the existence of fuel gas leakage is detected. 

[0012] In the configuration which detects fuel gas leakage with the detection equipment concerning invention according to claim 6 
based on the pressure drawdown rate in said closed space When making leakage detect by cutoff of the output current, the closed 
space of the fuel gas circulation supply system containing a fuel cell is intercepted to two or more closed space. And it constituted so 
that the pressure of each of two or more of these closed space might be detected, and based on the pressure drawdown rate for said two 
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or more closed space of every, it considered as the configuration which judges the existence of fuel gas leakage, and the generating 
part of fuel gas leakage. 

[0013] According to the above-mentioned configuration, the closed space where supply of the fuel gas from a fuel source is 
intercepted is intercepted to plurality, and the generating part of fuel gas leakage is pinpointed in either of said two or more closed 
space by making a pressure detect for these two or more closed space of every. With the detection equipment concerning invention 
according to claim 7, it set in the configuration which detects fuel gas leakage based on the pressure drawdown rate in said closed 
space, the pressure between the pressure loss sections in said closed space was detected to each by two or more places, and it 
considered as the configuration which judges the existence of fuel gas leakage, and the generating part of fuel gas leakage based on the 
pressure drawdown rate which can be set at least to each detecting element 

[0014] According to the above-mentioned configuration, the multi-statement of the false closed space bordering on the pressure loss 
section is carried out, and the generating part of fuel gas leakage is pinpointed in either of said false closed space from the pressure 
drawdown rate for this every false closed space. With the detection equipment concerning invention according to claim 8, in the 
configuration of claim 7, when the biggest pressure drawdown rate of the pressure drawdown rates which can be set at least to each 
detecting element was larger than a threshold, it considered as the configuration which judges generating of the fuel gas leakage by 
about the detecting element which showed the biggest fall velocity. 

[0015] According to the above-mentioned configuration, although the fuel gas leakage by one place will affect other detection pressure 
force through the pressure loss section, since the pressure drawdown in the generating part of fuel gas leakage becomes the largest, at 
least the detecting element which showed the biggest fall velocity is specified as a generating part of fuel gas leakage. In the 
configuration which detects fuel gas leakage with the detection equipment concerning invention according to claim 10 based on the 
pressure loss section order differential pressure in said closed space When said order differential pressure was larger than a threshold, 
while two or more pressure loss sections order differential pressure in said closed space was detected to each, and judging generating 
of fuel gas leakage, it considered as the configuration which judges the generating part of fuel gas leakage based on the direction of the 
differential pressure in each adjoining detecting element. 

[0016] According to the above-mentioned configuration, from the direction of pressure loss section order differential pressure, the 
flow direction of fuel gas can be pinpointed and the generating part of fuel gas leakage is pinpointed based on this. With the detection 
equipment concerning invention according to claim 11, when making the existence of fuel gas leakage judge, it considered as the 
configuration in which intercept compulsorily the purge from the circulatory system by the purge means, and said closed space is 
made to form. 

[001 7] According to the above-mentioned configuration, a purge is compulsorily intercepted so that leakage detection can be made to 

perform a fuel gas circulation supply system as a closed space. 

[0018] 

[Effect of the Invention] According to invention of claim 1 and four publications, when the electric load of a fuel cell is smaller than a 
threshold, the output current of a fuel cell is intercepted. Since the closed space where fuel gas is not consumed is made to form, for 
example in a vehicle use fuel cell system When regeneration of moderation energy is performed, the output current of a fuel cell is 
small, or when there is no need for the output current, it is effective in the ability to make fuel leakage detect and detect fuel gas 
leakage with a comparatively cheap pressure gage in the middle of operation. 

[0019] According to invention of claim 2 and five publications, since leakage is made to detect based on the pressure drawdown in the 
closed space where supply of the fuel gas from a fuel source is intercepted, there is effectiveness that fuel gas leakage is detectable in 
the middle of operation with a simple configuration. ** is also effective in generating of fuel gas leakage being detectable with high 
precision, without being influenced by the absolute pressure in a closed space since the flow of the fuel gas produced by fuel gas 
leakage is made to detect based on the pressure loss section order differential pressure in a closed space according to invention of 
claim 3 and nine publications. 

[0020] According to invention according to claim 6, based on the pressure drawdown for every closed space intercepted by plurality, it 
is effective in the ability to pinpoint the generating part of fuel gas leakage with a sufficient precision. According to invention 
according to claim 7, without classifying a fuel gas circulation supply system into plurality using a valve etc., the generating part of 
fuel gas leakage can be pinpointed and there is effectiveness of the ability to make a leakage part pinpoint with a simple configuration. 

[0021] According to invention according to claim 8, even if the effect of fuel gas leakage affects at least other pressure detecting 
elements through the pressure loss section, it is effective in the ability to pinpoint the generating part of fuel gas leakage with a 
sufficient precision from a pressure drawdown rate. According to invention according to claim 10, it is effective in the ability to 
pinpoint the flow direction of the fuel gas accompanying fuel gas leakage, and pinpoint the generating part of fuel gas leakage with a 
sufficient precision from pressure loss section order differential pressure. 

[0022] According to invention according to claim 1 1 , a closed space required for detection of fuel gas leakage is made to form 
certainly, and when the electric load of a fuel cell is smaller than a threshold, there is effectiveness of the ability to make detection of 
fuel gas leakage ensure. 
[0023] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on drawing below. Drawing 1 is drawing 
showing the vehicle use fuel cell system in the 1 st operation gestalt. In this drawing 1 the fuel gas from the source 1 (fuel source) of 
hydrogen gas supply The fuel gas supply line 2, the reduced pressure regulator valve 3, the fuel gas supply line 4, an ejector 5, and the 
fuel gas supply line 6 are minded. The fuel gas which was introduced into the fuel electrode (illustration abbreviation) of a fuel cell 10, 
and was not consumed with a fuel cell 1 0 flows back to the fuel gas supply line 6 with said ejector 5 through fuel gas discharge Rhine 
1 1 and the fuel gas circulation line 12. 

[0024] A fuel gas circulation supply system is constituted by the above-mentioned fuel gas supply line 2, the reduced pressure 
regulator valve 3 (source-of-supply cutoff means), the fuel gas supply line 4, an ejector 5, the fuel gas supply line 6, fuel gas discharge 
Rhine 1 1 , and the fuel gas circulation line 12. The purge line 14 where a purge valve 13 is infixed is connected to said fuel gas 
discharge Rhine 1 1 . 

[0025] A purge means is constituted by the above-mentioned purge valve 13 and the purge line 14. When making water collected on 
fuel gas discharge Rhine 1 1 discharge with fuel gas, open control of said purge valve 13 is carried out. On the other hand, to the air 
pole (illustration abbreviation) of a fuel cell 10, the oxidation gas (air) from the source 20 of oxidation gas supply is supplied through 
gas supply Rhine 21, and the oxidation gas which was not consumed with a fuel cell 10 is discharged through discharge Rhine 22. 
[0026] Moreover, the ammeter 3 1 which detects the output current i, and the output current breaker 30 (output current cutoff means) 
which intercepts said output current i are infixed in the output wiring 32 which outputs the output current i of said fuel cell 10. 
Furthermore, the pressure gage 7 (a pressure condition detection means, pressure detection means) which detects the pressure in said 
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fuel gas supply line 6 is formed. 

[0027] The signal processor 40 into which the detection output of said ammeter 3 1 and a manometer 7 is inputted has the function to 
make the reduced pressure regulator valve 3 intercept compulsorily while controlling the switching action of said purge valve 13 and 
the output current breaker 30. In the above-mentioned configuration, the fuel gas flow Q 0 is supplied from the source 1 of hydrogen 
gas supply, and the flow Q 1 (=QO^Q2) which added the reflux quantity of gas flow Q2 with the ejector 5 is led to the fuel electrode of 
a fuel cell 10. 

[0028] In a fuel cell 10, the flow rate of deltaQ corresponding to the output current i is consumed, the fuel gas Q2 which remained 
circulates, and it flows back to the fuel gas supply line 6. That is, the fuel gas flow rate supplied to the fuel electrode of a fuel cell 1 0 
has the relation of deltaQ=Ql-Q2=Q0, and said reduced pressure regulator valve 3 supplies the fuel gas corresponding to the 
consumption fuel quantity (pressure drop of a fuel gas circulation supply line) in a fuel cell 10. 

[0029] The electric load i demanded by the car, i.e., the output current, here In having regenerative-braking equipment which is the 
value which may be changed very sharply, for example, transforms car inertia energy into electrical energy at the time of car braking 
(at the time of moderation) Since electrical energy may be supplied by regenerative braking, the output current i from a fuel cell 10 
becomes needlessness or a very small value, and at this time, the reduced pressure regulator valve 3 will intercept the flow of fuel gas, 
or will extract the amount of supply Q0 minutely. 

[0030] And since the conditions which make the output current zero (or minute value) will be canceled if regenerative braking is 
completed, the fuel gas consumption flow rate corresponding to the demand current i corresponding to car electric load is reproduced, 
and the fuel supply flow rate Q0 also comes to flow out. Thus, in the fuel cell system for cars, a generation of electrical energy of a 
fuel cell 10 is not always required, and while the condition that a generation of electrical energy of a fuel cell 10 can be stopped 
operates, it generates. 

[0031] In the condition that a generation of electrical energy of a fuel cell 10 is suspended, since fuel gas is not consumed with a fuel 
cell 10, if it is in the condition which the purge valve 13 has closed and forms a closed space, fuel gas will be shut up in a closed space 
and big pressure variation will not be generated. Here, when supply of the fuel gas from the source 1 of hydrogen gas supply was 
intercepted and the leakage of the fuel gas from a closed space occurs, the pressure of said closed space will descend and generating of 
fuel gas leakage can be presumed based on the starting pressure drawdown. 

[0032] Then, said signal processor 40 detects the existence of fuel gas leakage with a procedure as shown in the flow chart of drawing 
2 . In addition, said signal processor 40 is equipped with the function as an electric load distinction means, a cutoff control means, a 
fuel gas leakage decision means, and a purge cutoff means as shown in the flow chart of drawing 2 . 

[0033] First, at step SI, it distinguishes whether the output current i (electric load) is smaller than a threshold iO. And when smaller 
than a threshold iO, the output current i (electric load) progresses to step S2, and holds a purge valve 13 to a closed state compulsorily, 
and it is made to make the reduced pressure regulator valve 3 hold to a closed state compulsorily at the following step S3. 
[0034] In addition, it is good also as a configuration which a latching valve is prepared [ configuration ] in the upstream or the 
downstream of the reduced pressure regulator valve 3, and makes supply of the fuel gas from the source 1 of hydrogen gas supply 
intercept compulsorily. Furthermore, in step S4, with said output current breaker 30, the output of the output current i is intercepted 
and a generation of electrical energy (consumption of fuel gas) of a fuel cell 10 is stopped. While the closed space which contains the 
fuel cell 10 with which supply of the fuel gas from the source 1 of hydrogen gas supply is intercepted by the above-mentioned 
processing is formed mechanically, when consumption of the fuel gas in a fuel cell 10 is set to 0 and there is no leakage of the fuel gas 
from said closed space, change with the big pressure detected with said pressure gage 7 is not shown. 

[0035] At step S5, variation delta P/delta t of per unit time amount deltat of the detection pressure force P by said pressure gage 7 
which shows the pressure drawdown rate in said closed space is calculated. In addition, said variation delta P/delta t shall be computed 
by the value of plus to reduction change of a pressure P. And at step S6, it distinguishes whether said variation delta P/delta t is larger 
than a threshold A. 

[0036] When said variation delta P/delta t is judged that the threshold A was exceeded and the reduction rate of a pressure P is over a 
reference value, by the leakage of the fuel gas from a closed space, it is judged as what is carrying out pressure drawdown the rate 
more than predetermined, it progresses to step S7, and the output and leak-detection display output of a leak-detection signal are 
performed. Said leak-detection display output is a control signal which performs lighting of the alarm lamp prepared near the driver's 
seat of a car etc. 

[0037] At the fuel gas leak detection by the above-mentioned operation gestalt, since the comparatively cheap pressure gage 7 is used 
while generating of fuel gas leakage is detectable with a sufficient response, since the existence of fuel gas leakage can be made to 
judge whenever the output current i (electric load) becomes smaller than a threshold iO during operation (every [ for example, ] 
moderation operation), leak-detection equipment can consist of low cost. By the way, with the above-mentioned operation gestalt, 
since it is the configuration of forming one pressure gage 7 to the closed space of the fuel gas circulation supply system which comes 
to contain the reduced pressure regulator valve 3, the fuel gas supply line 4, an ejector 5, the fuel gas supply line 6, a fuel cell 10, fuel 
gas discharge Rhine 1 1 , and the fuel gas circulation line 12, although it is detectable that fuel gas leakage has occurred in either of the 
closed space, a leakage generating part cannot be limited. 

[0038] Then, as shown in the 2nd operation gestalt shown in drawing 3 , while forming the latching valves 8 and 15 (closed-space 
division means) which carry out division cutoff of the closed space of a fuel gas circulation supply system in two more closed space 
As pressure gages 7 and 9 are formed for every closed space intercepted by these latching valves 8 and 15, which pressure detection 
value can pinpoint the part of fuel gas leakage in either of said two closed space by whether the pressure drawdown rate more than 
predetermined is shown. 

[0039] While infixing the 1st latching valve 8 in the middle of the fuel gas supply line 6 and specifically infixing the 2nd latching 
valve 1 5 in the middle of fuel gas discharge Rhine 1 1 , a pressure gage 7 is formed so that the pressure in the fuel gas supply line 6 
between the 1 st latching valve 8 and an ejector 5 may be detected, and the pressure gage 9 is provided so that the pressure in fuel gas 
discharge Rhine 1 1 between the 2nd latching valve 1 5 and a fuel cell 1 0 may be detected. 

[0040] And with the 2nd operation gestalt, as it is shown in the flow chart of drawing 4 , a leak detection is performed. In the flow 
chart of drawing 4 , like said step S 1 - step S3, on condition that the output current i of a fuel cell 10 is smaller than a threshold iO, at 
step SI 1 - step SI 3, processing which holds compulsorily a purge valve 13 and the reduced pressure regulator valve 3 to a closed state 
is performed. 

[0041] Furthermore, division cutoff of the closed space of a fuel gas circulation supply system is carried out two by closing said 
latching valves 8 and 15 at the following step SI 4. And at step SI 5, with said output current breaker 30, the output of the output 
current i is intercepted and a generation of electrical energy (consumption of fuel gas) of a fuel cell 10 is stopped. Two closed space 
which does not show the fall with a pressure rapid when there is no leakage of fuel gas by the above-mentioned processing is formed. 
[0042] In step SI 6, based on the detection pressure force PI of a pressure gage 7, Variation delta PI /delta t (pressure drop rate) is 
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calculated, and Variation delta P2/delta t (pressure drop rate) is calculated at step S17 based on the detection pressure force P2 of a 
pressure gage 9. step S 1 8 - step S - it distinguishes whether variation delta P/delta t which chose the larger one of the variation 
deltaPl computed by 1 6 and 1 7/delta P2 [ delta t and ]/the delta t (the one where fall velocity is quicker), and was chosen at step SI 8 
in step S 1 9 is larger than a threshold A. 

[0043] And when larger than a threshold A, while variation delta P/delta t progresses to step S20 and performs the output and leak- 
detection display output of a leak-detection signal, a fuel gas leakage generating part is made to memorize by memorizing the pressure 
gages 7 and 9 which progressed to step S21, for example, detected leakage generating. Even if leakage occurs temporarily, the leakage 
section is closed after that and an alarm is no longer outputted by memorizing a leakage generating part, the hysteresis and the leakage 
generating part of leakage can be known later. 

[0044] In addition, storage of a leakage generating part may use the memory in said signal processor 40 etc., and may be stored in the 
storage formed according to the individual. With this operation gestalt, since division cutoff of the closed space was carried out by 
latching valves 8 and 15 two for example, when the value to which the fall velocity of the detection pressure force of a pressure gage 7 
is larger than another side, and exceeds a threshold A is shown Fuel gas leakage will have occurred in either of the closed space from a 
latching valve 15 to a latching valve 8 via the fuel gas circulation line 12 and an ejector 5. On the contrary, when the value to which 
the fall velocity of the detection pressure force of a pressure gage 9 is larger than another side, and exceeds a threshold A is shown, 
fuel gas leakage will have occurred in either of the closed space from a latching valve 8 to a latching valve 15 via a fuel cell 10 and 
fuel gas discharge Rhine 11. 

[0045] In addition, although considered as the configuration which can pinpoint a leakage generating part in either of two closed space 
by carrying out division cutoff of the closed space two, and forming a pressure gage in each with the above-mentioned operation 
gestalt, if the number of the closed space which carries out division cutoff is set or more to three and each is equipped with a pressure 
gage, a fuel gas leakage part can be pinpointed more finely. However, what is necessary is for a scale, piping structure, etc. of a fuel 
gas distribution system just to determine a required number practically. 

[0046] Moreover, although are considered as the configuration which forms two closed space which intercepted a closed space 
mechanically and became independent mutually by latching valves 8 and 15 with the above-mentioned 2nd operation gestalt, and the 
ejector 5 infixed in a fuel gas circulation supply line and a fuel cell 10 constitute the pressure loss section and the pressure drawdown 
in the part of fuel leakage influences all the closed space, the effect degree is restricted by said pressure loss section. 
[0047] That is, as for the pressure drawdown rate in the fuel gas supply line 6, and the pressure drawdown rate in fuel gas discharge 
Rhine 1 1 and the fuel gas circulation line 12, the pressure drawdown rate of the direction which fuel leakage has generated becomes 
larger. Therefore, without forming latching valves 8 and 15, it is possible to pinpoint the generating part of fuel gas leakage, and the 
3rd operation gestalt considered as the starting configuration is shown below. 

[0048] Drawing 5 receives the system configuration Fig. of drawing 1 which shows the fuel cell system of the 3rd operation gestalt, 
and shows the 1st operation gestalt, adds a pressure gage 9 to fuel gas discharge Rhine 1 1 , and detects a pressure to each with this 
pressure gage 9 and the pressure gage 7 formed in the fuel gas supply line 6. And detection of fuel gas leakage using said manometers 
7 and 9 is performed by the procedure shown in the flow chart of drawing 6 . 

[0049] In the flow chart of drawing 6 , like said step SI - step S3, on condition that the output current i of a fuel cell 10 is smaller than 
a threshold iO, at step S3 1 - step S33, processing which holds compulsorily a purge valve 13 and the reduced pressure regulator valve 3 
to a closed state is performed. Here, since the ejector 5 infixed in the closed space of a fuel gas circulation supply system and a fuel 
cell 10 serve as the pressure loss section, it will be divided into two closed space of the fuel gas supply line 6, and the fuel gas 
discharge Rhine 1 1 and the fuel gas circulation line 1 2 in false. 

[0050] At step S34, with said output current breaker 30, the output of the output current i is intercepted and a generation of electrical 
energy (consumption of fuel gas) of a fuel cell 1 0 is stopped. Two closed space which does not show the fall with a pressure rapid 
when there is no leakage of fuel gas by the above-mentioned processing is formed in false. In step S35, based on the detection pressure 
force PI of a pressure gage 7, Variation delta PI /delta t (pressure drop rate) is calculated, and Variation delta P2/delta t (pressure drop 
rate) is calculated at step S3 6 based on the detection pressure force P2 of a pressure gage 9. 

[005 1] step S37 - step S - it distinguishes whether variation delta P/delta t which chose the larger one of the variation deltaPl 
computed by 35 and 36/delta P2 [ delta t and ]/the delta t (the one where fall velocity is quicker), and was chosen at step S3 7 in step 
S3 8 is larger than a threshold A. And when larger than a threshold A, while variation delta P/delta t progresses to step S39 and 
performs the output and leak-detection display output of a leak-detection signal, a fuel gas leakage generating part is made to 
memorize by memorizing the pressure gages 7 and 9 which progressed to step S40, for example, detected leakage generating. 
[0052] Although considered as the configuration which detects the leakage of fuel gas with the above 1st - the 3rd operation gestalt 
based on the pressure drawdown in the closed space of the fuel gas circulation supply system containing the fuel cell 10 with which 
supply of fuel gas was intercepted and the generation of electrical energy was stopped Although there is no consumption of the fuel in 
a fuel cell 10 when the leakage of fuel gas occurs, the flow of fuel gas will occur in a closed space, and order differential pressure will 
be produced in the pressure loss sections, such as an ejector 5, a fuel cell 10, and the reduced pressure regulator valve 3. 
[0053] So, with the 4th operation gestalt shown below, fuel gas leakage is detected based on said order differential pressure. Drawing 
7 is what shows the fuel cell system of the 4th operation gestalt. The 1st differential pressure gage 16 which detects the differential 
pressure of the fuel gas supply line 2 before and behind the reduced pressure regulator valve 3, and the fuel gas supply line 4, The 2nd 
differential pressure gage 17 which detects the differential pressure of the fuel gas supply line 4 before and behind an ejector 5, and the 
fuel gas supply line 6, The 3rd differential pressure gage 1 8 which detects the differential pressure of the fuel gas circulation line 12 
before and behind an ejector 5 and the fuel gas supply line 6, and the 4th differential pressure gage 19 which detects the differential 
pressure of the fuel gas supply line 6 before and behind a fuel cell 10 and fuel gas discharge Rhine 1 1 are formed. 
[0054] The differential pressure output value of each differential pressure gages 16-19 (a pressure condition detection means, 
differential pressure detection means) is set to delta PI , delta P2, delta P3, and delta P4 here. And the pressure-sensitive polarity of 
each differential pressure gages 16-19 The value of the plus as said differential pressure output values delta PI , delta P2, delta P3, and 
delta P4 when the near pressure shown in drawing 7 with a plus sign is relatively high shall be outputted. And detection of fuel gas 
leakage using said differential pressure gages 16-19 is performed by the procedure shown in the flow chart of drawing 8 . 
[0055] First, at step S5 1 , it distinguishes whether the output current i (electric load) is smaller than a threshold iO. And when smaller 
than a threshold iO, it progresses to step S52 and a purge valve 13 is compulsorily held to a closed state, and at the following step S53, 
with said output current breaker 30, the output current i (electric load) intercepts the output of the output current i, and stops a 
generation of electrical energy (consumption of fuel gas) of a fuel cell 10. 

[0056] At step S54, the output values delta PI, delta P2, delta P3, and delta P4 of each differential pressure gages 16-19 are read. At 
step S55, the read output values delta PI, delta P2, delta P3, and delta P4 compare and judge the threshold A which determined 
beforehand whether it would be larger than the minute pressure variation within an electrical signal noise or the design value of a fuel 
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cell system as the absolute value of each output values delta PI, delta P2, delta P3, and delta P4. 

[0057] Here, when all the output values delta PI , delta P2, delta P3, and delta P4 are below the thresholds A, it progresses to step S56, 
and considers that the detection differential pressure of all the differential pressure gages 16-19 is 0, and the judgment without fuel gas 
leakage is made at the following step S57. When all detection differential pressure is 0, it is shown that the flow of the fuel gas in the 
fuel gas circulation supply lines 4, 6, 11, and 12 has stopped, and since it agrees with the condition of having stopped in piping without 
consuming fuel gas, since this stopped the generation of electrical energy of a fuel cell 10, it is judged that fuel gas leakage is not 
generated. 

[0058] If it is judged that there are some which exceed a threshold A in output values delta PI, delta P2, delta P3, and delta P4 at step 
S55 on the other hand, it will progress to step S58. At step S58, about that the absolute value of whose is below the threshold A among 
the output values of differential pressure gages 16-19, it is regarded as 0, and only the direction of differential pressure is saved by plus 
and minus about the thing exceeding a threshold A. 

[0059] And at step S59, the generating part of fuel gas leakage is pinpointed based on the comparison with a judgment map as shown 
in drawing 9 , and an actual differential pressure detection pattern. For example, to the detection result of the 1st differential pressure 
gage 16 being plus, when the detection result of the 2nd differential pressure gage 17 is 0 or minus, it judges with that from which fuel 
gas has leaked in the fuel gas supply line 4 (QO piping). 

[0060] Namely, that the detection result of the 1st differential pressure gage 16 is plus While the flow of the fuel gas which goes [ in / 
the pressure of the downstream is lower than the upstream of the reduced pressure regulator valve 3, and / the reduced pressure 
regulator valve 3 ] to a fuel cell 1 0 side will have occurred When the detection result of the 2nd differential pressure gage 1 7 is 0 or 
minus With an ejector 5, the flow which there is no flow or goes to the fuel gas supply line 4 side from the fuel gas supply line 6 side 
will have arisen, and this will show generating of the fuel gas leakage in the fuel gas supply line 4. 

[0061] moreover, when both the detection differential pressure of the 3rd differential pressure gage 18 and the 4th differential pressure 
gage 19 is minus The pressure of the fuel gas supply line 6 will be lower than fuel gas discharge Rhine 1 1 and the fuel gas circulation 
line 12. This The flow which flows into the fuel gas supply line 6 side through a fuel cell 10 from fuel gas discharge Rhine 1 1 occurs. 
The flow which flows into coincidence through an ejector 5 at the fuel gas supply line 6 side from the fuel gas circulation line 12 will 
have occurred, and this will show generating of the fuel gas leakage in the fuel gas supply line 6 (Ql piping). 
[0062] on the contrary, when both the detection differential pressure of the 3rd differential pressure gage 18 and the 4th differential 
pressure gage 19 is pluses The pressure of fuel gas discharge Rhine 1 1 and the fuel gas circulation line 12 will be lower than the fuel 
gas supply line 6. This The flow which flows into the fuel gas discharge Rhine 1 1 side through a fuel cell 10 from the fuel gas supply 
line 6 occurs. The flow which flows into coincidence through an ejector 5 at the fuel gas circulation line 12 side from the fuel gas 
supply line 6 will have occurred, and this will show generating of the fuel gas leakage in fuel gas discharge Rhine 1 1 and the fuel gas 
circulation line 12 (Q2 piping). 

[0063] In addition, the half-tone-dot-meshing display in drawing 9 can show the minimum combination required for a leakage part 
judging, and can pinpoint a leakage part only in the combination of a half-tone-dot-meshing part. However, judging from all 
differential pressure outputs is also possible, and when the conditions which are not indicated by drawing 9 are detected, the whole 
fuel cell system judges mat a certain fault is caused, and you may make it output important alarms, such as an emergency shut down, 
in that case. 

[0064] If a leakage generating part is pinpointed at step S59, in step S60, a judgment result is memorized as hysteresis information in 
preparation for subsequent repair, at the following step S61, leakage generating will be told by the alarm or display, and the actuation 
for security will be demanded from an operator. If it is the configuration of detecting the generating flow of the fuel gas accompanying 
fuel leakage based on differential pressure as mentioned above, high detection sensitivity can be obtained without being influenced by 
the absolute pressure in piping, and very small fuel gas leakage can be detected by this, and cost can also be made cheap. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the fuel cell system in the 1st operation gestalt. 

[Drawing 2] The flow chart which shows the procedure of the leak detection in the 1st operation gestalt. 

Prawing 3] The block diagram of the fuel cell system in the 2nd operation gestalt. 

[Drawing 41 The flow chart which shows the procedure of the leak detection in the 2nd operation gestalt. 

[Drawing 5] The block diagram of the fuel cell system in the 3rd operation gestalt. 

[Drawing 6] The flow chart which shows the procedure of the leak detection in the 3rd operation gestalt. 

[Drawing 7] The block diagram of the fuel cell system in the 4th operation gestalt. 

[Drawing 8] The flow chart which shows the procedure of the leak detection in the 4th operation gestalt. 

Prawing 91 Drawing showing the judgment map used for a leakage part judging with the 4th operation gestalt. 

Pescription of Notations] 

1 - Source of hydrogen gas supply 

2 — Fuel gas supply line 

3 - Reduced pressure regulator valve 

4 - Fuel gas supply line 

5 — Ejector 

6 - Fuel gas supply line 

7 9 — Pressure gage 

8 1 5 — Latching valve 
10- Fuel cell 

1 1 — Fuel gas discharge Rhine 

12 - Fuel gas circulation line 

1 3 - Purge valve 

14 - Purge line 

16-19 — Differential pressure gage 

20 - Oxidant gas source of supply 

21 - Gas supply Rhine 

22 — Discharge Rhine 

30 — Output current breaker 

3 1 — Ammeter 

32 - Output wiring 
40 ~ Signal processor 



[Translation done.] 
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30 [0010] lf^B2:. 5fBt8©l&W{C^S*^n^ffiR 

wRartat. mm©tt«fttt0mj:Qt>4v3i>£ 
#tc^mm?(fe©ffl^iiijfe^M»rTS4SK:. mangm 

^©«M*«*&iB»» 6 ©«^# x©«fc*3HWW«: 
0. C©4*©HSBBK:*jW*BE*»Tatt«ai-3»,»r 
«H^»*i*l«ai'r*»SR4Lfe. JjatfiSKJ:* 
4> j^^^6©Mf4**x©«it&*i^BfSnS^^ 

urea. »n«:«fc-3TjiiiH^*f^*»ww{ci*ffl-r*i, n 

3Bflrt©E#**. if ft#ft k> 4 # tCJt^-C2ft»K(5Tr 

*ci«cfts*>6. E*»Tais*wn©«**5%rs 

40 flK**k»j^jWc3^k»riIft©»£*lftfcrt-.&. ' 
[0 0 1 1 ] »*H3. 9iBi8©#6Wfc^*tefcl£8cR 

wsje-ck. i?fBffl^rart©EE*a^aj©wr^iiBE*^ 
au c©sjaiBEK»^»r«»f^«ti«:«Marr* 
flWSiLjfe. ±IB«fi!«{CJ:S4. K^ffi^6©iin^ 

^rs4, H2giarttt:«sB//x©»ti3&j»*ix. 

«:<{; ^TE(jS*»©«aKSE*i4 C-5c4{cft4© 

r. EE*abfe^iraaffiK«^»Tj8H*//^©»n© 
4. 

50 [0012] gf^816fBtl©^^{C^StSI*DilB'rB. 
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i£^©ffl£Ptf£1g£fc©H£[iBK:i£»rU fggtfc© 

w«®^ji!im^^«n<oi^fflw*«Kr -safest u 
[00131 ±.%mis.ic£z±. m&msmfrzoxm 

«Wik:*j(,»t. BoiHffl^(^©E^a^gi5©p^«:fc^s 

ttK*»»*EE*»TjSflCK:JI^»r. $Sf4#*itft©W 
^C«8»^**i©«filBf*«»rr**ls6i'Lyfc. 
[0014] ±E«WMcJ:S&. BE*aBfeSB**»4-r 
MH^%H£n£ttftR£U gE§mKES£fB]«©E& 

»Ta«a»6. «w*r^»ti©«*aBf*» mriBiSfKn 
agnB©c>rh3&»K»3e-r*. nmi8Gtt©mi(c$R« 
tefcisSBTH:. BMi5i7©«BS«:*j(r>"c. -en-en©** 

HJIMiK*j»*ffi*»TjSK© 5 %©ftfe**fcE&» 

*^uA:*aia5ttr©«^^iBn©«**«»f"r** 

JSR4 0/c 0 

[0015] ±B»liSKJ:*i. -ttffT©«»^» 
4fc&3*J. jB»//^»n©l6flfe«»fT©EE*»T*«* 

tt**8»^»n©«^ttffibr4*j&r*. ft^si 
oe*!i©iwiKff««»as*t?tt. twawsMrt©ff* 

fiSKtei>r 4 sfrsHK^HF l 3{c*jws^©E^a3feg|5© 
w«iiE**4vWiK:fftiiiu meirot&BE*M «fc o 

[0016] ±iE«feS«:J:S4 4 . EE^Slfcgf3©fuf£M/E 
•^ur«s»^iin©^fssf4#3£-r4. it#9i i 
«w s * t * k, rt-y*a«c «t zmmteb <o^- 

tc. 

[ooi7] ±BB#fi£fcj:-5 1. mwzmmmsm* 

[0018] 
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[#MB©«I*] HH&I1. 4lB|g©^JCJ:*4 > j&f* 

tm<D j mss.$m&mmj: k> *>/m <,>4 «(cinm«%©u 

jgal i^. ;U^-(D[5]^^ft5nS 4 £ 4\ $ftm?fe© 
*l»tt. tti#W*©ji»*«&cl,»4* 
tC. «SR»tl©l«9I*fTb-&*C4*JT*. 'Wgjft*«C 

-S4(,>58(Mii#ifc-S. 
io [00 1 9] m^m2, 5iBt8©^«:j:Si. ttR0t 

6 ©«&*#* ©ft&psiff ? *i*iS2rai*3©Efc 

Hfr«:*-3i»r«n©«»p*ff*>-as*6. ffift&fltrt 
T«K»*K«8»<f xean©i«ai**fTit s 4 1» ^ s&jh** 

**. I»#313. 9IBtS©^«:J:5 4 > H2SHBrt©ff 

£&*«m#*©»h**WH3-es©-c. Efl^rart©^ 
[0020] it*3s 6 iBts©#pjK: «t * 4 . m&K.mm 

20 3n*HfflRI«©BE*BrFKlt-3l»r, *»*#*»h© 

$&mm*. ffsa<^-r-5c4*5-c*^4^ i 5^m 

^*S7fBig©^l|tCcfc-54. MM4^ffiS^ 

»^»ti©«4fi»f*l*jer*c43&ir#. igfttSBf 
©»S*W««:ateSrfTto-&-5C436s-e**4c»5»* 

[0 02 1 ] lf^QB8g3i8©^l9«:«fcS4. USB*/** 
ti<Df&2ifi. BE*«3feai5S^urffi©Et;«aaMt(c» 
»*-5*.rt>. «H4*/^iBn©«ftti»f*EA»Tj«tt 

i o faig©^B^(cj: s £ v jE*a^sp©i^^Mff 
r. ^^^isn©^©^fflsm<#5e-r-5c4*i 

■C#S4t^Sftm****. 
[0 02 2] ff^l 1 1 gBig©^?StC «fcS 4 . 

■n©MfB(cs»«tnsn«. wawc««s*-c. am 

40 [0 02 3] 

[%Bj©^©0g|] «TK*«W©KE*©JB»*H«: 

8-5t»r»wr *. b i ». ^i (Dmtmi&iaattzm 
r. .1 <«S^«iJ&©) 3&>6©«»^ 

^5-f>4. 1^***5, ffi^«^7 06^ 

or, ttftwfei ooffii (0^b§) tc^A^n, 

50 Hf5Bxi?x^»5fC«fcor«m^^*&-7-<>6(cS«5 



[0024] ±.nmm#z$&t7 4 > 2 , msmm? 3 
*5. &*4#*#j67-o6. itt^»ai7^>i 1 

RV«SW</x«3»7 1 2 £<i: -?r , 88f4#*flBStiK 
3iWHiSSti4^-J?5^>l 4t>mffi2ti 

rt»3. 

[0 02 5] _UB*-5>#1 3S^A-y7-f> 1 4(C 
«fcoTA-y#g»*«JSS3n*. WE>*-5>#1 31*. 10 

sfas-estsiciiwaisfis. — M*4m?i&io© 

[0026] it<ri»4mft& 1 0 ©m^nsfE i %u 
3 1 . &t>\ mrfaa^sife i *m®iTzmt)imLmmm 

3 0 (tb£tt»iff»rM) aWNHSSft*. Mic. SJIBj^ 20 
[002 7 ] |?TiB«SgH-3 1 RtfE^if-7 ©tfetHtfcbtf 

w^m^it»rs 3 0 o&mtmzfflm-rz t 
AU&sti, xs;*** 5-rSisfc#*iJS*Q2&fln*.fc 

SEfiQl ( = Q0 + Q2) 3WBm«ftl 0©«»«tc* 

j&>*a4. 30 
[0028] mint 1 0 t». i k ja^o fc 
AQojiawiiwsn. m-3tcjmrtzQ2immb> 

». AQ=Q1 -Q2 = Q0©Hffitf&9. luiHj^EEiS 
WR#te5-f>©BE#<BT> tcjt^o 

■re. 

[0029] cct, *pir«sn*«afi«f. bp 
taawsitt. #»«c^*<softu»*«rc*«3. 40 

*>fc. «W*ttlQjfe6©HJA«*i*qFK. 
ffiar/IvS &!!«:&»). .c©£#^s8M#3«»M/ 

^©«Eti*i«»-r*3&»#tt&«Q 0 *HMMC«3C £(Cfc 

[ 0 0 3 0 ] * l/T. Bt««*»7th«Htt«* 
Hz'n <Xtt»/J\ffl) K-r**fr*JjB»3ti*fc*. SP5 
ttftlJtttfcttJ&rSB*** i ic&&^tc&m*fzffim so 



#PB 2003-308866 
8 

b. ««wa4«ft 1 0 ©^n^s^ns &©r«fc 
<. tttttttti o©***ff±s-a-*ci*Jr**tt» 

[0031] nmmk 1 o ©»«*jff±s n*«»-c 

MSifttf * JWHSMrt KBB 6 ft 5 C £ K fc o 
&BE*»ttt!6£Lttl.>. CCt, #JR#;*«|&* 1 *» 
6©«tt#*©^#**r3*iTl>fttf» HSH*6© 

jnB*fx©Mnft9fe£t/fc£*(c. *weh£ihi©e&*i' 

i§n©fS££«err £ C <fc tfiV # 

[00321-ect, BirfBfi-^MS^g4 0 «, 0 2 © 
7 n + - h (c^-T J: WMIK J: orfifSfstf/xitn 
©**l%«»ri-S. ft. fW2«-«W&a»B4 0B:» 02 
(D7D-ft- hfc5*-rj:9«:. ItStfUfffiS'J^a. X 

Or©»tt*«*.TI,»*. 

[0 0 3 3] $r. ^f-;7'S lttt, W^jmiSfS i « 

swwtf i 0 j:flfc^sc»*»s**«jjii"rs. * 

&*«Ctt. S 2 A-^13*«dWW 

[0034]», «EB1SE^3 ©±«fl!RfcrF»«IK» 
IWPtRtft. *3R^«IS« 1 *6©«S»^©«lft 

4-Ctt, HuiBI±i^Si)feii»rS3 0 OC «fc ^XBtinffi. 

6©«ss^©fl«&*«aaiifsti*«SH«fti o*«tfW 

«H4^x Vffimifi 0 tc& 0 . SlriBB^P^ 6©j^*4//x 
©Sn^ftt^^tcti. mfiBE^t1-7r^UlSti-SE^ 

[0035]^f^S5W fOIBHSIBIrttCfett' ^ 
E^I^TjiS^^-r . Suf BIE^H- 7 CC J; 4 P © 

mums a t ^/c 0 o^tiAP/A t zmn? 
mi. maefbKAP/Ata. eapos^^kwo 
r7 , ^x©fii{c#tii5nsfc©<!:TS. -eor. 
^S6?B. miiB^{tSAP/'At*5gifilAJ;0^7st 

[0 0 3 6] WESE{fc«AP/At*«MfflA*ait. E 

«:». K^ffl^?»©^^^©iinR:«fcorST3£feUt© 
iafl["CBE*»Tl/rt>*t©4«BrU. ^^-^^8 7^ 

5. maMittfclAnitttftK. «*ti*W©«EI»Wifi 
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[0037] ±5BHi6^jSi{c«f: s*8#*iitii8arc 
m^icmttmrni cssm.m tfimmi oj:»3fe 

j^Hrfe 1 0 . lRDfjBSS^fll 
1 2%^rttS«^;tf*«fatfiM&»©flJ£lB 
JC*fl/C. l-3©EE*9f-7*R»*«WTP**fe». n 

2OT©c>rn3ft»rjiB»^»*i*«is^i/-ci>*c ittft 

[0 03 8] ^CT, H3tC^r»2©5Ut»»R:5%"J- 
J:9K. *^#X«Ht#teJR©IS!aiH*. 
^K#*HiSr'rS*K#8. 1 5 (HSIHHHWf®) 

*Rw*4*te. MEaw#8. i 5Tatiwsn*Hfflnn 

Hrttt*. i?r5£J^©^»Tatt*5*T*K:j:o"r. jgs 
H# ^»ti©ttff * WE 2 -o©KSIB©i>r*i*>«:»3g 

[0 03 9] *<*W(C«. *H**#:*«*&9-r>B©jfti*i 

i ©i£4>(c92 svr^ i 5 &t«rr&-#. nr 1 

8 £ xs? * * * 5 4 ©nn©«**:tf*tt*&5 ^ > 6 «©EE 
**IWB-r*J:5«:ff*W-7*»W. J&2j£Bt#1 5i 
gmStfel 0 4©Ptf©«S*sMtagfffl^>l lrt©£E* 

[0 04 0] fit, *2©HltJU«8'ett. 04©7D 

3rB, iaiBXf^^s l~*7^:/S3 tl&Nc, m 

^fefrcc. 3&cf«Ein^3«wH»(cn4X 

[0 04 1 ] Kfc. 7'S 1 4-Cg?rlSig»f# 

8. 1 StHCSCiT, «S»^«««»*©HBffimi 
£2oK:#S!|iIf&rT£. *t/C, ^f^SlStlt 

mib tttf7«ttsiKs 3 ok «fc ^taiiis i ©uj#*a 

S. ±IB^S«:j:0. «5»#;*©iift#fti,»Ji#Jcttff 

[0 04 2] Xf-yfS 1 6r». E^tt7©^fflE^ 
P 1 fC*-3b»?. XftlAP 1 / A t (EfcffiTiEfi) 

^f^snrB. Efrfl-9©fcHiKjp 

fflffT*. ^t9^S18tB. ^r?^S16, 17 
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-cn&Ltcmt&AP 1/At . AP2/AtO^O 

9 ?tt. ^f^"S18 -CMiR l> fcStffcSA P/At*5 
MBA J: 0 fe*#l»*5**WMT*.- 
[ 0 0 4 3 ] * LT. mt&A P/A t *^||<iiA J: D 

2 1^MT, «At<»*i«4*«aiLfcBBWf-7. 9 

WK#6£U *©«*ft»jW£*s-3TWRaJHtf!jS*itt 
<4ot^, «ti©JBUra&ttft%£flij?r&&*> 6*0-5 

[ 0 0 4 4 ] ft. »tt«SMBJf©et!tt. BUlBd^S 
SIS4 0F»3©y*';^%flH,>rt>^0. fflJ5J«:RWfc 

«&r#8. 1 5fc£oT2o{c*MW»»rt,fc*»6. W 
ittf. JE*tf7©*fttttBE*©»Ti«Bt*»fl65Er«fc»)fe** 
<. HftA*fi*.«ffi*S*bfc»£-K:tt. 3KK# 
20 1 5*6**M/*tfai^>l 2. xi?x**5*«£ 

»TiSS#flW5r«fc »>*>**< , MfBA-&8*.&ti[ 
%^bfe*»^KK. 3Br#8*>6J»HWll!l 0. ttft*/ 

[ o o 4 5 ] m. iiasiig^ss-ctt, msm« 2 ok^ 
«awor*n-eti«:ffi*fi-*RW*ci-e. 2o<dh 
2JB©c>r4a*»-*JCjMi«*ff»f*1«er**«)i!t4 
30 Ltcifi. »«a»f"r*l3!fflHI©«[*3ofii±4L. *ti 

•»^«»^^^A©SWI^E««JtflF{c J: 

[0046] ±§B02Hifeff^-C«. iSW#8. 

2-3©fiB^IB*JBJSr**fiJ6tLA:**. iS^f4*'X«S« 

A!IUfe»*«te!EO. «asHBn©fiBfT©BE*»T*>W2 
40 S©^T«:i^PT-5fe©©, *©|gHteb»tt. loiEE 

[ 0 0 4 7 ] Wfe. *HBM/*(fct&9 > 6 -C©ff^P*T 

>1 2-C©BE*»T«fltit3:. *B*Hin3&J|6ftLT«,>« 

*©EE*»TiSJS»»J:'»)*#<Ji*. Se^r, 

8 , 15*ttW5C4ft<. SS^*'^ iHtx©^@ff * 

[ 0 0 4 8 ] m 5 tt# 3 ©|«JB«kD«ttWfcS'*?- A 
so ^^^©-Cabt). mi©^6fe^!H J &7K-rSl©^^7 i 



XL 

AWfc^l-c, «f*#*gHH7-f>l lKEEfcfi-9 

-eur. H<rfBBE*ft7. 9*fflc^c^^isno 

[0 0 4 9 ] ^©^P-?*- FiCfe^T. 

S3 i^f^s3 3m Hiria^T^^s 
•^S3i hhisk:. jgftm i o (Dmti^m i ^ga^s i 

* 5 . m&mb i o tfis^m^^t & s/ca. ie<Ha«j 
R^j^^xais^ -Y > 1 2 4 © 2 oora^K: w 6 
[oo5o]^ff7's34 rut. msmjimmmm^ 

3 0«:J;^-cW^m^iottl^*ii8irU. muttkio 

«3 5Ttt. EE#ft7©fcHJJBKjP iec£-3C»T. X 

S3 6m EWf"9©fctttE#P2«:»-3»,»T, SE-ffc 
SAP 2 /At (EE^iBTSS) 
[005 1]^f-y7'S37Tlt Xf-y7"S35, 3 
6-C«HOfc£fU*APl/At. AP2/At©H 

3 8 r«; ^f^S37 OfcXfl&A P /A t 

«AP/^A t #RMIA«fc 9 

S3 8^j»*. Mn^o«#©ffi^so*jsn^o^m 

;&£?t5 4&K:, *^»:/S4 0^jtA/r. MAoain 

[0 05 2] ±fem 1 -4*3 Jtllftffi-Ctt. *$&#*© 
fro. *M#±*6ftfc«MB«ttl 0 
*^tri»W^flBR«l&*©H2IB«:fcW *£E*»T«: 
gOVT. j8SS//X©iBn**ttBr*flteS4LA:3W, $5 

tw x©wi#ft&r s 4 . mnm& i o r ©«8©t» 
1-^1^*5, i o . mE.imft3 1£ 

4*©EE#fI$cgl5fc:fir&MEE££ C * c £ic ft *. 

[00531-ecr, WTtc^r^f4©Hifi^ssr«, 
UfBlJmHBE«:S-^t>"CjKI4^^iSti©lftfti%tf 5. 0 

7 »»4©SQt^«i©j(8»«fts/^^A*^-r*>©r* 

•J.. 2&EES38I# 3 OT»©ilBf4#X«te^ >2iW 
^'fttt5^>4iO«E4*ait4*-llSSIH 8. x 

y * * * 5 *9&©i!K&tf xftte? >r > 4 4««3!f ^«t& 
9-f>8 4©»E*«ar*»2iaEff-i 7. xs>x* 
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>6 4©S£E*<ftffl-r*»3i6ffSH 8. MttWtl 0 

4©3EE*fcHJT*IIS4«E»f-l 9*»KW6nrt»*. 
[0054] C CT. -&MEEH- 16-19 (BEtrtflWft 

m^m, ©^EEffi^tft*. api. ap 

2. AP 3 . AP4it/, fro. «#ffiSH.6~19© 
JBEffitttt. H7K^ , 5XlB^-Cm-rffl9©EE*frffi»W 
«:*(,>&»«:. fuiaMEEttl^fit A P 1 . AP 2. AP 

3. AP4iUt77^0fi*!tB*$n4fcO<bn i 
10 MieMEtf 1 6~ 1 9 ^ffl^/c^^titl© 

[00 5 5 ]*f. Xf!.7 - S5 1tB, mt)WMi 
<«*tftffl) frMfl iO«kO M^^frSfrftftolT 
*. -e-OT. HtfjUSf&i (Sm^^f) frglffii 0cfc«5& 
/Jn$<,>4*{C«. ^t»^S5 2^.jt*. M-y#13 
*5HWWK:fl!ttMKCfi!J#U X<D^Tv 5 3 t?». 

H«iaa^siiKi»fs 3 o k £ o rm^« i ©ai^^ii 
Bfu *f4«i!ii o©»* <&&#*©««) *±«e> 
a. 

20 [0 0 5 6 ] Xf-v 7"S5 4 TB, g-HEEfff- 1 6 — 1 9 
©fftfHlAPl. A P 2 , AP 3 . AP4«tt»i&tr. 
^f?7'S5 5Ttt, R»i&A/7£tBAttA P 1 . A P 
2. AP3, AP4fr. *«fi#y^X Xtt. «»« 
?f&^*^A©^ftffi«rt©eS/hEE^8&iiJ: 9*&i>fr 
§fr£, ftHttlBAPl, AP 2 . AP 3, AP40i 

[005 7 ] CCT, ^T©fttAIBAPl, AP 2 , A 
P3. AP4frBlfflAOTt?*-S4#K:«. ^f-^S 
5 6 ^it#. ±T©MEEff- 16-19 ©&HJ^EE£ 0 4 
30 M&U *0^f?^S5 7r». aHSM/XSMifct/© 
«e*Tr. £T©t*fflS&EfrO©»£tt. «H*//^« 
S«$&7-r>4, 6, 11. 1 2 fC*$WS«$*4#X©S!g 

ti**jh*-art>sc4*mi/. en». *8*f4®feio© 

[0 05 8]—*. Xf^S5 5T. WMAP1, 
AP 2 , AP3 , AP4©ct 1 f BlfilA?r@^.afc©fr* 
-5 4*flK?ft-5 4. Xf-^S 5 8^j!tf. X^yVS 
40 5 8ttt. ffittl 6.^1 9©ffl*fl©5%r*©«fef 
fififrMfflA«T-C*4fe©K-3l»"Ctt0 4^<cU. 
A*a^.a4>©(C-ot>r«MEE©*|ol©**^^ 1 v 

[0059]-fLT, 59-ftt. HQKmf 

J:5ft«jev?^4. HI^©MEE^a^^->4©ik^ 
tcS^^r. *f4^^»ti©»flfefliBf©«FSE*ff 5. M 
itiar. miMEEH-i 6©»ttttt**^5^r**©K:*t 
U m2MEEH-l 7©«lHIS«frOXttv-r^^r** 
4^(c«. MH4^m»9^>4 (QOfg®) «c*5i»r 
so ^*'x*siinri^fc©4W^-ra. 
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[oo6 0] ipfc. mimsstieo&mmm&^x 

"C*S£l>5C4tt. *EIB^3©±atf||J:»>t>TaE 

Kffla>5$*4#*©^ft##££LTl>.5C 

^ §!2gEEiH 7O^ffl^0X«v^tX-Cft5 

[0 06 1 ] *fc. J&3MBEH-1 8atf*4£EiM 9 
©fcWMEa^KW^r&o 

tfxnm^jy 1 1 *»6*R»«ft 1 o ^i/t^*^ 
a > 6 M(c^njAt?^n*i^ t ti^ c £ &c tt 

[0 0 62] j^(C. J&3MEiH 8&C8H4*Etf-l 9 
©{fcWMIE^K^XT&^cit^tUi. 

«?4>1 2©E#**fi«r»C£K:&»). Chtt. 

•3. CttK. j^*4^Sfa7>C>l 1, 

^>12 (Q2IHS) KfcttS^;tfXiIft©^££7K 

•re £«:&*. 

too63]iSi, M9 tpofflmnmnkit. mtiffimmm 

frtt©<*riift@j^£!85rf£C£as-C#S. {BU £ 
T©MS ttl^ C £ & Utl-C* ») . -£©RgK: 

rfe^*^A:£#jW6rt>©;F*££|ac OTTOS £#lj»f 

o. 

[0064]*?-* S59 vmtia&amcm mzn 

>) £ . ^f^S6 0 7B, *JJ©IS:|l£-€-©ft©flg3flE 
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s. 

a ? £0„ 

[02] ^i©^te^«itcfc^ijin^]©^wi^7K-r 
[S3] n2<Dmmj&mfctettzit!mnmi'x?&(D7 

10 CJ ? £0 O 

[@4] ^2<omsmmAcismmtima<D^m^r 

[05] m3©^0^c*sW-2,^mm^*?A©^ 
a -j ?Mo 

[ s 6 ] m 3 ©ntfe^sstcfew 4»n«ttD©^iR%^-r 
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